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A number of evidences have been found i n  the  p a s t  which poin t  t o  
t h e  longi tudina l  pe r s i s t ence  of so l a r  phenomena. 
regions on the  sun extends over several  s o l a r  ro t a t ions  and cen te r s  
of sun spot  formation e x i s t  which seem t o  ou t l ive  individual  spot  
groups. 
ances3 and neutron monitor counting r a t e  data4,  which sometimes l a s t  f o r  
a s  long as t e n  s o l a r  ro t a t ions .  
have found twenty-seven day recurrences i n  t h e  enhancement of low energy 
proton i n t e n s i t y  i n  f r e e  space a s  measured on s a t e l l i t e s .  It i s  the  
purpose of t h i s  l e t t e r  t o  point  out  a s i m i l a r  longi tudina l  pe r s i s t ence  
i n  the  occurrence of s o l a r  f l a r e s  which r e s u l t  i n  s o l a r  p a r t i c l e  events. 
In  p a r t i c u l a r ,  f l a r e s  from a s i n g l e  10' i n t e r v a l  i n  hel iographic  longi tude 
caused most of t h e  l a r g e  s o l a r  p a r t i c l e  events over t h e  l a s t  s o l a r  cycle.  
This i n d i c a t e s  the  ex is tence  of a center  f o r  t he  formation of a c t i v e  regions 
which has pe r s i s t ed  f o r  more than 73 s o l a r  ro t a t ions .  
The l i f e  of a c t i v e  
Also the re  a r e  27 day recurrences of geomagnetic d i s tu rb -  
More recent ly  Bryant e t  a l .  5 and Simpson 6 
Figure 1 shows the  hel iographic  longitude f o r  f l a r e s  which produced 
s o l a r  p a r t i c l e  events between 16 January 1955 and 23 October 1962 during 
the  l a s t  s o l a r  cycle .  
by Malitson p lus  the  23 October 1962 event.  The s e r i e s  of f l a r e s  between 
80° and 90° i n  Figure 1 produced the  l a r g e s t  p a r t i c l e  events of t he  l as t  
The l i s t  of 56 events  used i s  from t h a t  compiled 
7 
s o l a r  cyc le ,  t he  event of 23 February 1956, t h e  mul t ip le  events  of Ju ly  1959, 
t he  mul t ip l e  events of November 1960, and t h e  mul t ip le  events of July 1961. 
Using t h e  in tegra ted  p a r t i c l e  i n t e n s i t i e s  ca l cu la t ed  by Malitson and Webber , 8 .. 
these  events  contr ibuted about 75% of the in t eg ra t ed  p a r t i c l e  i n t e n s i t y  with 
energy g r e a t e r  than 30 Mev and about 90% of t h a t  with k i n e t i c  energy > 100 MeV 
detected a t  the  e a r t h  during the  l as t  solar cycle.  
p a r t i c l e  events which produced neutron monitor increases ,  i nd ica t ing  the  
I n  addi t ion ,  of t h e  t en  s o l a r  
presence of s i g n i f i c a n t  numbers of p a r t i c l e s  with k i n e t i c  energy g r e a t e r  than 
about 500 MeV, seven a r e  i n  t h i s  narrow longi tude region. 
T r o t t e r  and Roberts' have noted tha t  t h e  v i c i n i t y  of t h e  sun where the  
23 February 1956 f l a r e  occurred had had a p r i o r  h i s t o r y  of a c t i v e  regions 
l a s t i n g  f o r  several  ro t a t ions ,  dying out, and re turn ing  i n  new bur s t s  of 
a c t i v i t y .  
1956 event and p e r s i s t e d  beyond the  event of 20 July 1961, a period of more 
than 5.5 years.  
Hence, t h i s  cen te r  of a c t i v i t y  ex is ted  p r i o r  t o  the  23 February 
Babcockl' i n  h i s  theory of t he  sun ' s  f i e l d  proposes a 
mechanism t o  explain the  longi tudina l  pers i s tence  whereby new a c t i v e  regions 
a r e  l i k e l y  t o  a r i s e  near  old regions.  However, it is not c l e a r  whether t h i s  
mechanism i s  s u f f i c i e n t  t o  explain an a c t i v e  s i t e  of such long duration. 
The remainder of t h e  events during t h e  l a s t  s o l a r  cyc le  a l s o  f a l l  i n t o  
longitude bands, but not  so sharp ly  defined. 
280° with one exception occurred between 20 January 1957 and 23 March 1958 
indica t ing  the  ex is tence  of an a c t i v e  s i t e  which l a s t e d  f o r  more than a year. 
The events between 240° and 
The events between 210° and 220° a r e  those of March through September 1960 
two of which caused ground l eve l  neutron monitor increases .  The i n t e r v a l  
-3 - 
. 
between 160" and 190" conta ins  events  which occurred between 9 August 1957 
and 10 May 1959. The l a r g e  event is  tha t  of 10 May 1959. 
between 110" and 140" includes events  from 6 June 1958 t o  22 August 1958 
and t h e  two small events of 10 September and 28 September 1961. 
The i n t e r v a l  
F ina l ly ,  t he re  i s  a dear th  of events i n  the  longi tude i n t e r v a l  
between 280' and 80'. 
s o l a r  cyc le  only two, t h e  events  of 31 August 1956 and 7 July 1958, 
r e su l t ed  from f l a r e s  i n  t h i s  160" in te rva l .  
Of t h e  26 l a rge r  p a r t i c l e  events during the  l a s t  
I n  conclusion, f l a r e s  which produce ene rge t i c  p a r t i c l e s  a r i s e  
predominantly i n  narrow longi tudina l  regions which ou t l ive  v i s i b l e  
a c t i v e  regions.  This po in t s  t o  the  exis tence of long l i ved  a c t i v e  
cen te r s  beneath the  photosphere which pe r iod ica l ly  manifest  themselves 
on the  su r face  a s  a c t i v e  regions which produce f l a r e s  t h a t  acce le ra t e  
s o l a r  p a r t i c l e s .  
f o r  the  most i n t ense  p a r t i c l e  events of the  l a s t  s o l a r  cycle.  
t h a t  t h i s  region can be compressed i n t o  a t e n  degree band of longi tude with 
a s u i t a b l e  choice of t h e  per iod of s o l a r  r o t a t i o n  would ind ica t e  t h a t  t h i s  
s i te  ro t a t ed  a t  constant  rate a s  opposed t o  the  va r i ab le  r o t a t i o n  of t he  
photosphere. 
events ,  i n  general  show a wider spread i n  longi tude which could i n d i c a t e  
a d r i f t  of the  producing centers .  
of a l a r g e r  body of da ta  such as so la r  f l a r e s  would perhaps r e s u l t  i n  a 
f u r t h e r  d e f i n i t i o n  of t he  a c t i v e  centers .  
A s i n g l e  wel l  defined longi tude region was responsible  
The f a c t  
The shor t e r  l i v e d  regions,  responsible  f o r  the  smaller 
A study of t he  meridional d i s t r i b u t i o n  
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FIGURE CAPTION 
Figure 1: Number of s o l a r  p a r t i c l e  events VS. hel iographic  longi tude 
with the  c e n t r a l  meridian during the  23 February 1956 event 
set t o  Oo and assuming a ro t a t ion  period of 27.04 dags. 
The p a r t i c l e  i n t e n s i t y  with k i n e t i c  energy > 30 Mev de tec ted  
a t  the  e a r t h  8 in tegra ted  over the  p a r t i c l e  event is: 
8 2 6 2  , I 2 10 p/cm ; , I 2 5x10 p/cm ; open squares,  
6 2  I 5x10 p/Cm . A do t  i n  a square s i g n i f i e s  t h a t  t he re  
w a s  a neutron monitor r a t e  increase ,  i nd ica t ing  t h e  
presence of a s i g n i f i c a n t  number of p a r t i c l e s  with 
k i n e t i c  energy g r e a t e r  than about 500 MeV. Light l i n e s  
are used t o  separa te  individual  events and heavy l i n e s  
t o  separa te  individual  a c t i v e  regions. 
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